Background: Most species of owls (Strigidae) represent cryptic species and their taxonomic 3 study is in flux. In recent years, two new species of owls of the genus Strix have been 4 described from the Arabian peninsula by different research teams. It has been suggested that 5 one of these species, S. omanensis, is not a valid species but taxonomic comparisons have 6 been hampered by the lack of specimens of S. omanensis, and the poor state of the holotype 7 of S. butleri. 8
INTRODUCTION 25 26
Accurate taxonomic designations are important for most, if not all branches in biology. Even 27 in birds, modern scientific studies continue to generate hypotheses of new species, often 28 based on new data and multiple lines of evidence (Sangster 2009 , Sangster & Luksenburg 29 2015 . Until the 1960s, studies of the taxonomic status of bird species relied almost 30 exclusively on comparisons of morphological characters. By the 1960s, technological 31 advances made it possible to obtain sound recordings in the field for taxonomic study 32 (Lanyon 1960) and produce audiospectograms (sonagrams) which allowed objective 33 comparison and measurement of acoustic characters. These techniques were first applied to 34 the vocalizations of owls by van der Weyden (1973a Weyden ( , 1973b Weyden ( , 1974 Weyden ( , 1975 and Marshall 35 (1978) . Subsequent studies of vocalizations have resulted in the discovery of many additional 36 species of owls, a process which continues until the present (e.g. Sangster et al. 2013) . 37
Strix butleri was described by Hume (1878) on the basis of a single specimen which 38 was believed to have come from "Omara, on the Mekran Coast" (=Ormara), in what is now 39 southern Pakistan (Fig. 1 ). Subsequently, small numbers of specimens from Egypt, Israel, 40 Jordan, and Saudi Arabia have been assigned to this species (Goodman & Sabry 1984) . In 41 addition, the species is known from Sudan, Yemen and Oman (Mikkola 2012, BirdLife 42 International & NatureServe 2014). However, there have been no subsequent specimens or 43 sight records from north of the Persian Gulf, leading some to suggest that the type of S. 44 butleri may have originated from the Arabian peninsula and been brought to Ormara over sea 45 from Arabia (Roselaar & Aliabadian 2009, Kirwan et al. 2015) . were obtained demonstrating that the population discovered in Oman represented a different 49 species from 'Hume's Owl S. butleri' as it was then understood (Robb et al. 2013 ). Robb et 50 al. (2013) documented the existence of two species in the Arabian peninsula, based on 51 multiple differences in song, calls, and plumage, and described the Omani population as a 52 new species, Strix omanensis. When examining the holotype of S. butleri in the Natural 53 History Museum, Tring (BMNH 1886.2.1.994), they did not detect any major differences 54 from the two other specimens of 'S. butleri' in that collection. Nevertheless, they considered 55 the possibility that the type of S. butleri may be same species as S. omanensis, and noted that 56 "The eastern location [of the type specimen of S. butleri] raises the question whether it in fact 57 could have concerned an Omani Owl [S. omanensis]. If it did, the scientific name now used 58 for Hume's would become the scientific name of Omani while another scientific name would 59 have to be chosen for Hume's" (Robb et al. 2013) . 60 Kirwan et al. (2015) re-examined the type specimen of S. butleri and found that it 61 differed from other specimens attributed to that species in multiple plumage and 62 morphometric characters, indicating that these specimens belong to different species. This 63 was corroborated by analysis of DNA sequences of 218 bp of the mitochondrial cytochrome 64 b gene which showed a sequence divergene of about 10% between the holotype of S. butleri 65 and other specimens of 'S. butleri'. They described a new species, S. hadorami, to which 66 they assigned all known specimens of 'S. butleri' except the type of the latter. They did not 67 examine DNA from the Omani population described as 'S. omanensis'. However, they noted 68 that the holotype S. butleri showed most of proposed diagnostic character states of S. 69 omanensis. Kirwan et al. (2015) suspected that S. omanensis' may represent the same species 70 as S. butleri and that the holotype of the latter may have originated from Oman. 71
Critical analysis of type specimens is crucial for the correct application of taxonomic 72 names. Comparisons of the type of S. butleri with S. omanensis are hampered by the 73 "miserable" state of the former (Meinertzhagen 1930) and the lack of a specimen of the 74 latter. In such cases, comparison of DNA sequences may help to ascertain the taxonomic In this study, we use DNA sequences of 'S. omanensis' to clarify the taxonomic 77 identity of S. omanensis and the nomenclature of the S. butleri complex. In addition, we use 78 DNA identification techniques to assess the identity of a captured bird (tentatively identified 79 as S. butleri/S. omanensis) in Mashhad, Iran, which represents the first record of the species 80 north of the Persian Gulf since 1878. Sound Approach (2015) and a decoy owl, painted by Killian Mullarney to look like an 90
Omani and 'perched' on a prominent acacia halfway along the net. After catching the owl, 91 they took measurements, feathers, blood samples, photographs and a sound recording. The 92 same measurements were the same as described in Kirwan et al. (2015) , taken in the same 93 way. For molecular analysis, they took three feathers from the breast, four tiny ones from the 94 bend of the wing, and two blood samples. In addition they took photographs of the owl in the 95 hand and after release, when it was perched on a thick branch. 96
The owl was identified as S. omanensis (sensu Robb et al. 2013 ) by the presence of 97 several acoustic and morphological character states which were previously identified as 98 diagnostic for this species (Robb et al. 2013 ). (i) Shortly before capture, the bird gave 99 diagnostic four-note compound hooting, with the last two notes given in quick succession. In 100 the hand, it showed (ii) orange-yellow eyes, (iii) bicoloured facial disc with dark grey-brown 101 above and beside the eye and pale grey from just above the eye downwards, (iii) very dark, and over 1300 km from Ormara in Pakistan. They caught the owl, which appeared to be alert 117 and healthy, and collected four feathers for molecular analysis. On releasing it, they took a 118 series of photographs perched and in flight. Having had very little time to prepare for the 119 encounter, they did not attempt to take blood samples or measurements. 120 121
Laboratory procedures and phylogenetic analysis 122
A blood sample and two feathers from Oman and a single feather from Iran were used for 123 molecular identification. Genomic DNA was extracted using the Qiagen DNeasy Tissue Kit 124 GenBank. Tyto alba was used as an outgroup. Genbank accession numbers and references to 142 the original sources are given in Table 1 . Morphology: Oman ( Fig. 2a and Fig. 2b ) 172
Morphometric data of the captured bird are given in Table 2 . scapulars with buff and whitish spots but apparently lighter grey-brown ground colour than 245 in captured 'omanensis'. Note, however, that in one photo (Fig. 2d) where bird not 246 illuminated by sun, brown of the upperparts and head appears considerably darker in tone. Bill pale green-grey. Tibia, tarsus and toes feathered whitish, soles light yellowish-buff, 267 claws apparently a bit blacker than in captured 'omanensis', but probably due at least in part 268 to different light conditions. 269 270
Molecular identification 271
We obtained 790 base pairs (bp) of cytochrome b of S. omanensis and 767 bp from the owl 272 caught at Mashhad, Iran. We found no evidence of numts. Electropherograms showed no 273 double signal; the alignment showed no stop codons, insertions or deletions; and most 274 (65/78, 83%) nucleotide substitutions relative to the longest S. hadorami sequence available 275 on GenBank (EU348994) were found in the third codon and resulted in only three amino acid 276
substitutions. 277
The sequence of S. omanensis was identical to the short (218 bp) sequence available 278 from the holotype of S. butleri (Genbank acc. no. KM459027). The sequences of S. 279 omanensis and the Iranian owl were almost identical, differing in only two nucleotides 280 (0.26%), both at third positions. Across 790 shared bp, the sequence of S. omanensis differed from that of S. hadorami (EU348994) by 78 substitutions, corresponding to an uncorrected 282 sequence divergence of 9.9%. 283
Phylogenies based on ML and BI produced identical phylogenies in which both S. 284 omanensis and the owl caught at Mashhad, Iran clustered with the holotype of S. butleri (Fig.  285 3). This was strongly supported in both ML (98%) and Bayesian analyses (1.0 PP). In these 286 analyses, S. hadorami and S. butleri formed reciprocally monophyletic groups. Relationships 287 with S. woodfordii were unresolved, most likely due to the small number of nucleotide sites 288 Mitochondrial DNA (mtDNA) has long been a popular marker in taxonomic and molecular 295 identification ('barcoding') studies of birds. This is due to its presence in high concentrations 296
in tissue material, its smaller effective population size which results in faster fixation rates 297 compared to nuclear DNA and, as a consequence, its ability to distinguish a large proportion 298 of species (Zink & Barrowclough 2008 , Ward 2009 ). Our study found that the cytochrome b 299 sequence of a member of the population described as S. omanensis (Robb et al. 2013) and 300 sampled at its type locality is identical to that of the holotype of S. butleri. This is a strong 301 indication that S. omanensis and S. butleri belong to the same evolutionary lineage. However, 302
there are some examples of valid species of birds that cannot be reliably distinguished using 303 mtDNA markers. In most of these there is strong evidence from other data that these 304 Despite this caveat, we believe that current evidence does not justify maintaining S. 308 omanensis as a separate species because there is no positive evidence that it represents a 309 separate lineage from S. butleri. Therefore, the name Strix omanensis Robb, van den Berg 310
and Constantine, 2013 is best treated as a junior synonym of Asio butleri Hume, 1878 (now 311
Strix butleri). 312
By providing evidence that the population in Oman previously known as 'S. and Iranian populations of S. butleri. This is not currently possible due to the absence of 323 specimens from both countries, and of recordings from Iran, where there have been no 324 further observations. More detailed molecular comparisons are warranted to investigate 325 possible population structure and genetic diversity within S. butleri, which could inform both 326 taxonomic and conservation genetic studies. 327
To avoid confusion, we propose to exclude 'Hume's Owl' (and 'Hume's Tawny Owl') 328
as the English name for either species because this is an ambiguous name. Until the end of 329 2014, it was used universally for what is now S. hadorami. At the same time it has historical 330 links to S. butleri, the species actually described by Hume. Retaining it for either species may 331 result in misunderstanding. Kirwan et al. (2015) proposed the name 'Desert Tawny Owl' for relationship with Tawny Owl S. aluco or having to add a modifier such as 'Forest' to the 334 latter name. We recommend the name 'Omani Owl' for S. butleri sensu stricto, because the 335 only known population of this species is in Oman, with only single individuals ever having 336 been located outside Oman. 337 338
Rediscovery and distribution of S. butleri 339
Our study documents the extension of the range of S. butleri by 1,300 km to the Mashhad 340 region in northeastern Iran, and its presence in the Al Hajar range of northern Oman (Fig. 1 Likelihood bootstrap support values (>80%) and Bayesian Posterior Probabilities (>0.95) are 492
given above and below branches, respectively. 493
